Introduction
Silicones have a wide range of applications in medical devices, due to their versatile physical properties [1] [2] [3] [4] [5] . Especially in glaucoma therapy silicones are the most common materials utilised for the fabrication of drainage implants [6] . Although these implants are able to reduce intraocular pressure in the early postoperative stage, relatively high failure rate of 50% within the first 5 years were observed [7] .
The main cause of the implant dysfunction is excessive fibrosis induced encapsulation that brings aqueous humor drainage to a standstill [8] . The cell colonisation of the implant surface by fibroblasts occurs initially by the attachment of activated platelets and various blood proteins like fibrinogen, which in turn leads to the recruitment of neutrophilic granulocytes and monocytes via release of cytokines [9] . One of the key cytokines of that immunologic process, the transforming growth factor (TGF-), induces also fibroblast recruitment, proliferation and extra cellular matrix synthesis [10] .
Assuming that the recruitment of macrophages by the attachment of blood proteins, fibrinogen in particular, is a central process of encapsulation [11] , immediate adhesion of endothelial cells or fibroblasts to the implant surface may reduce or avoid immune cell recruitment and thus exuberant foreign body response. This might be achieved by the development of hydrophilic implant materials.
Although the most commonly used implants in glaucoma surgery drain aqueous humor into the episcleral space [12] , alternative outflow destinations such as the suprachoridal space are discussed [13, 14] .
In this study we evaluated cytotoxicity of different silicone compositions with primary cells derived from these tissues. Moreover adhesion of scleral fibroblast and endothelial cells was observed.
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Silicone materials
The examined medical grade hydrophilic silicone elastomers were prepared and provided by Christine Kreiner (KreCo Kreiner Consulting GmbH, Munich, Germany). Before processing, raw materials were subjected to quality control and filtered sterile. Subsequently these materials were mixed under sterile conditions and injected into adequate molds. Polymerisation was realised via vulcanisation under pressure, time and temperature control. A total number of three specimens were prepared without, with 1% and 10% hydrophilic component.
Cell culture and cell viability assay
EA.hy926 human endothelial cell line (CRL-2922, ATCC) were cultured in DMEM (PAN BIOTECH, Aidenbach, Germany) with 4.5 mg glucose. Primary fibroblasts were isolated as described previously [15] and cultured in DMEM -low glucose (MERCK, Darmstadt, Germany) with 1 mg glucose. Both culture media were enriched by 10% fetal calf serum (FCS), 1% Penicillin/Streptomycin and 3.7 g/l NaHCO3.
For screening tests 2x10 4 cells were seeded directly on the silicone materials in a 96-well microtiter plate with 200 µL culture medium per well and incubated under cell culture conditions (37 °C, 5% CO2) for 46 hours. To proof cell viability CellQuanti-Blue Cell Viability Assay Kit (BioAssay systems, Hayward, CA, USA) was implemented. 10% CellQuanti-Blue supplement was added to the wells followed by an incubation of another 2 hours under same conditions. The reductive activity of the cells conducts the metabolic turnover from resazurin to the fluorescent resorufin (absorption 544 nm, emission 590 nm) which was detected with the Fluostar optima (BMG LABTECH, Ortenberg, Germany).
Cytochemical analysis
For the evaluation of cell morphology and cell adhesion hSFs and EA.hy926 were stained with Phalloidin-TRITC (MERCK, Darmstadt, Germany). The general procedure for the treatment of the cells includes one washing step with PBS, 5 min fixation in 3.7% formaldehyde in PBS, 60 min staining with a concentration of 1µg/ml reagent in PBS (1% methanol from the stock solution) and 3 further PBS washing steps. Hoechst 33342 staining solution was given into the Phalloidin-TRITC staining solution (1:1000) to stain the nuclei. Imaging was realised with Olympus IX81 confocal laser scanning microscope (CLSM, for Phalloidin-TRITC staining 543 nm excitation and 560 -660 nm fluorescence imaging filters, for Hoechst 33342 staining 340 nm excitation and 430 -470 filter).
Mechanical properties
Mechanical properties of standard dumbbell-shaped test specimens (DIN ISO 527, type 1BB) were analysed by means of uniaxial tensile testing in physiological saline solution at 37 °C. A universal testing machine (BZ 2.5/TN1S, Zwick GmbH & Co. Kg, Ulm, Germany) and a 50 N load cell (A.S.T. -Angewandte System Technik GmbH, Dresden, Germany) were used. The analysis was conducted at a cross head speed of 10 mm min -1 .
Statistical analysis
Direct contact tests were conducted in quadruplicate for all silicones. Replicates were tested for normal distribution and subjected to a Nalimovs' test for outliers. Means and standard errors (SEM) were calculated in Sigma Plot.
Results

Cell viability in direct contact with the silicones
Relative cell viability was slightly higher in the choroidal fibroblasts than in the cells of scleral origin (Fig.1 ). For the three test materials relative cell viabilities of 65-70% in the choroidal and 46-63% in the scleral fibroblasts were determined.
Cell morphology and adhesion
In addition to the viability tests hSFs and EA.hy926 were cultivated in direct contact to the silicone materials and stained with Phalloidin-TRITC and detected via CLSM. On both silicones with hydrophilic component, the hSFs exhibit the morphology typical of fibroblasts (Fig.2) . Obviously 10% hydrophilic component increased the cell number compared to 1% hydrophilic component. No fibroblasts could be detected on the silicone without a hydrophilic component. The experiments with the hSF were additionally performed with cells of the endothelial cell line EA.hy926 (Fig.3) . Compared to the hSF virtually identical results were achieved with these endothelial cells.
With the exception of the pure silicone, endothelial cells exhibited typical morphology. Cell number improves to the same extend with increasing proportion of hydrophilic component. In contrast to hSF, EA.hy926 revealed a remarkable cell growth on silicone without hydrophilic component. 
Mechanical properties
The mechanical properties of the three different silicone compositions are summarised in Tab.1. Elastic modulus E and tensile strength σm of silicone compositions with 1% and 10% hydrophilic component is slightly increased compared to the pure silicone. Elongation at break  decreases for silicone compositions with increasing amount of the hydrophilic component.
Discussion and perspective
Direct contact tests revealed a very good biocompatibility of the hydrophilic silicones. Similar results have been obtained for various silicone materials in eluate and direct contact tests [16] . Despite the biocompatibility tests, we found no hSF and only a low number of Ea.hy926 of spherical none typical morphology on the silicones without hydrophilic component. These findings indicate a low cell adhesion for hSFs and Ea.hy926 on that silicone. Both, surface characteristics and detaching of the cells during the washing procedure throughout the staining should be considered as the reason for that. In contrast the silicones with hydrophilic component enabled excellent cell growth with characteristic morphologies which indicate good viability.
Silicones with or without hydrophilic component eventually could find utilisation in ophthalmologic microimplants. In terms of their good mechanical properties, all tested materials are suitable for the use as structural implant material. Good cell adhesion on the hydrophilic silicones may ensure a rapid ingrowth of the implant, but can still lead to occlusion of the implant. The use of cell-repellent silicones for the inner flow and for the outflow area of the implant may reduce failure rate and improve long term functionality. Development of surface patterns and further chemical functionalisation should be advanced to avoid attachment of platelets and blood proteins as well as cell colonisation.
Conclusion
The findings of this work underline excellent suitability of the silicone materials for the utilisation in ophthalmologic micro-implants. Silicones with hydrophilic component ensure cell adhesion while the pure silicone avoided that. For the development of implants with low failure rate and long term functionality a combination of materials with both properties should be considered.
